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Abstract 
I carried out an observational study of historic high resolution aerial imagery spanning six decades (1950-2014) to 
identify recent and historic spatial extent of mangrove forests, within the municipal boundaries of the City of 
Tampa, Florida USA. My objectives were to map mangrove distribution and spatial extent and any change or 
patterns of change discernable. I observed variable patterns of change and rates of expansion varied between sites 
spatially as well as within sites between time intervals. I found notable changes in mangrove extent in the Tampa 
from historic and modern aerial imagery for the ~64-year period between 1950 and 2014. There were significant 
losses in areal extent between 1950 and 1973, much of which could be directly attributed to anthropogenic 
modification of the Tampa coastal landscape. All the regions observed had recovered or surpassed their original 
extent by the end of the period reviewed (1950-2014). It appears much of the recovery observed is a result of 
recolonization of created or modified shorelines. Results of these observations may contribute to the body of 
information used to inform conservation and management objectives in the City of Tampa and Tampa Bay.
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Introduction 
Emergent tidal plant communities, including mangrove forests, are vital coastal habitats serving as a critical 
source of both abiotic and biotic inputs to near shore waters affecting the productivity of sea grasses, corals and 
fisheries (Craft et al., 2009; Doyle et al., 2010; FWC, 2016). Their form and structure provide varying ecological 
services from providing nesting and foraging habitat to coastal barrier protection against erosion, storm surge, and 
the effects of sea level rise (Craft et al., 2009; Doyle et al., 2010; Engle, 2011; FWC, 2016).  
Mangrove forests have been on the decline globally over the past 70 years in part due to human activities 
including coastal development, agriculture, marine aquaculture, and firewood harvesting (Doyle et al., 2010; Gilman 
et al., 2007). More recently, mangrove tidal forests have been affected by climate change (Gilman et al., 2008; 
FOCC, 2010). Increased temperatures, changes in hydrological regimes, decreased precipitation, and increased 
severity of storm events because of climate change has altered the structure and function of mangrove and marsh 
communities in Florida and worldwide (Gilman et al., 2008; FOCC, 2010).  
Observation of historic and present extent through remote sensing methods, the focus of this study, is a 
useful method to document mangrove response to environmental changes. Evaluation of areal extent can aid in 
determining if mangroves are colonizing new growing space or expanding boundaries of existing stands through 
accretion and sedimentation or are exhibiting a shift in extent because of stochastic events (storms or pollution 
events) or other environmental change (Alongi, 2008; Comeaux et al., 2012; Engle, 2011).  
 
1.1 Global extent of mangroves 
The term mangrove refers both to individual species and or the mixed forests of some 21 genera and 73 
different species with special adaptations (salt tolerance, viviparity, specialized root systems) that inhabit marine 
intertidal zones (Spalding, 2011; Tomlinson, 1994). Mangrove forest distribution is understood to be limited by 
exposure to cold temperatures, restricting them to the tropical and subtropical regions of the world between the 30-
degree north and 40-degree south parallels and regions within 20o C or greater isotherm for water (Alongi 2002; 
Fries et al., 2011; Giri et al., 2011; Spalding et al., 2010). The current world mangrove extent is estimated to cover 
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little more than 150,000 km2, less the total land mass of the State of Florida (Spalding et al., 2010).  Global 
mangrove extent is estimated to have declined by more than 30% over the past fifty years by means directly 
attributable to human activities (Alongi, 2002; Spalding et al., 2010; Giri et al., 2011). Despite the global decline 
trend, some regions, including some in the United States, have seen mangrove expansion in the past few decades 
(Kraus et al., 2008; Spalding et al., 2010;) 
 
1.2 Regional extent of mangroves 
Emergent tidal plant communities along the coast of the Gulf of Mexico (GOM) and in the state of Florida 
(USA) vary by latitude occurring as monocultures of Juncus roemerianus (black needlerush) or Spartina alterniflora 
(smooth cordgrass) marshes along the north and north central coastlines, to a mixture of mangrove and marsh 
communities along the central coasts, to mangrove dominated coastlines in the southern peninsula (FNAI, 2010; 
Mckee et al., 2012). Mangrove forests in the GOM region are generally recognized as made up of three halophytic 
woody tree species: Avicennia germinans (black mangrove), Rhizophora mangle (red mangrove), and Laguncularia 
racemosa (white mangrove) (FNAI, 2010). All three species occur in the central and southern regions of Florida. 
Black mangroves range further to the northernmost shores of Florida on both east and west sides of the peninsula as 
well as extending further west along the Alabama, Louisiana and Texas shorelines (Giri and Long, 2016). In recent 
years, Red mangroves have been documented as far north as St Augustine, Florida and are intermittently reported as 
far west as Texas, although some studies indicate these may be reintroductions and not from reproducing 
populations. White mangroves have the greatest sensitivity to cold of the three species and are documented no 
further north than Cedar Key on west coast of Florida and St Augustine on the east coast of the Florida peninsula 
(Osland et al., 2013, personal observation).  
Current mangrove forest extent in Florida is estimated to be 2464 km2 approximately 1.6% of the total 
global extent (FWC b). Much of the historical decline is linked to the dredge and fill coastal development of the 
mid-20th century. More recent expansion or decline is being linked to climate change (Cavanaugh et al., 2014; IPCC, 
2014; Osland et al., 2013; Saintilan et al., 2014). With recent and projected increases in global temperature and SLR, 
mangroves have expanded and are expected to continue to expand northward and landward in Florida (Cavanaugh et 
al., 2014; IPCC, 2014; Osland et al., 2013; Saintilan et al., 2014). Expansion of mangroves into marsh systems may 
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lead to shifts in dominance in emergent tidal communities as is evident in the Tampa Bay region of west central 
Florida (Raabe et al., 2012; Sherwood and Greening, 2004). 
 
1.3 Tampa Bay and the City of Tampa 
Tampa Bay is a large open water estuary (~1000 km2) located in a subtropical region of west central 
Florida along the eastern Gulf of Mexico (USEPA). The City of Tampa extends as a peninsula from the north shore 
to the center of Tampa Bay. Like much of the USA, the population in both the Tampa Bay region (estimated 3 
million) and the City of Tampa (estimated 377,165) increased significantly from the 1950’s, Tampa Bay by 750% 
and Tampa by 30% (US Census, 2014).  The City of Tampa shoreline (~ 60 km) is now highly urbanized with only 
intermittent patches of remnant mangrove and marsh habitat.  
Mangrove forests of Tampa Bay and Tampa can exist as monospecific stands but are commonly composed 
of mixed stands of black, red, and white mangroves (FNAI, 2010). Black needlerush marshes, where present, are 
typically landward of mangrove communities and along freshwater inlets (FNAI, 2010, Raabe et al. 2012). Smooth 
cordgrass marsh is often limited to a fringe seaward of mangrove forests or black needlerush marshes (FNAI 2010). 
It is estimated mangrove forests dominate the emergent tidal communities in Tampa Bay, exhibiting a 75:25 
mangrove to marsh ratio (Sherwood and Greening, 2014). In the City of Tampa, the mangrove population is 
estimated to be 70% white mangrove while the remaining 30% is made up of red (16%) and black (14%) mangroves 
(Landry et al., 2013). The current extent of mangroves in the Tampa Bay region is estimated to cover 6000 hectares, 
approximately 24% of the total extent of mangroves in Florida (24613 ha) (PBS&J, 2010; FWC b). In the City of 
Tampa, the current extent is estimated at 457 hectares, approximately 8% of the total extent of mangroves in Tampa 
Bay (FWC b). 
An analysis of historical surveys and modern land cover data in Tampa Bay (1875-2000) concluded that 
emergent tidal communities of the Tampa Bay region were once dominated by marsh habitats but that species 
dominance has shifted from a historic marsh dominated system (mangrove to marsh ratio of 14:86) to the modern 
mangrove dominated system (75:25 mangrove to marsh ratio) seen today (Raabe et al., 2012). But, despite the shift 
in dominance, emergent tidal wetland (mangrove forests and estuarine marsh) extent in Tampa Bay declined 
significantly starting in the mid-20th century. It is estimated that between 1950 and 1990, nearly a quarter of the pre-
1950 of Tampa Bay mangrove and marsh were lost primarily due to dredging and development (PBS&J, 2010). In 
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the decades following the implementation of the CWA: Clean Water Act (1983) and the MPA: Mangrove Protection 
Act (1996) and the ERA:  Estuaries Restoration Act (2000), remnant emergent tidal wetland communities in Tampa 
Bay have recovered in overall areal extent and expanded an additional 2% (~150 ha) (PBS&J, 2010).  Protective 
measures and restoration activities are all considered to be likely to have contributed to this recovery. Mangrove 
growth response to climate change, changes in sediment load, and freshwater withdrawals may have also affected 
the natural recolonization and transgression into marsh communities (PBS&J, 2010; Raabe et al., 2012). 
 
1.4 Mangrove species characteristics  
The mangrove forests of the GOM region and Tampa are made up of three different genera of halophytic 
trees (red, black, and white mangroves) each with unique but similar adaptions to the harsh and dynamic 
environment present in marine intertidal and estuarine ecosystems (Odum et al., 1982; Tomlinson, 1984; Saenger, 
2002). These adaptations include mechanisms for salt tolerance or exclusion, viviparity, hydrochorus 
seeds/propagules, and root adaptations that allow them to be more competitive in marine and estuarine habitats 
(Odum et al., 1982; Kraus et al., 2008; Lugo and Snedaker, 1974; Rabinowitz, 1978). 
Black mangroves (Avicennia germinans) have the broadest latitudinal range of the three species in the 
North American extent, tolerating a wider range of salinity and greater cold tolerance than either red or white 
mangroves (Cavanaugh et al., 2014; Krause et al. 2008; Tomlinson, 1984). They can exhibit a broad range of 
phenotypes sometimes forming dense monospecific stands, reaching heights of 30 meters in nutrient rich 
environments, or exhibiting dwarfed shrubby forms in hypersaline conditions, shallows soils over carbonate 
substrate, or at higher latitudes (Tomlinson, 1984, Saenger, 2002). Black mangroves produce finger like 
pneumatophores that rise from the root system and emerge from the soil to aid in gas exchange in anoxic soil 
conditions common in flooded tidal environments (Tomlinson, 1984, Washington et al., 2002). Black mangroves 
have evolved numerous strategies for coping with salt in their marine habitats including excreting salt through 
glandular hairs on the leaf surfaces (Odum et al., 1982; Tomlinson, 1984). Their seeds are crypto viviparous (the 
seed germinates within the fruit and the propagule erupts as the fruit abscises) and water/tidally distributed 
(Tomlinson, 1984; Saenger, 2002). Black mangrove propagules are small (~3cm), relative to red mangrove 
propagules, reaching maturity, dispersing, and establishing in fall (August through December) (Rabinowitz, 1978). 
Propagules remain floating until they are established or perish (Rabinowitz, 1978). 
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Red mangroves (Rhizophora mangle) are more sensitive low temperatures than black but less so than white 
mangroves. Meristem tissues (zones of plant growth) are limited to the end of stems with only a few reserve buds in 
lower tissues. Thus, the trees may not recover following the loss of outer stems from frost, freeze, or wind damage 
(Saenger, 2002). Their unique aerial and prop root structures help them take advantage of the more energetic 
shoreline edge and higher tidal inundation as well as uptake oxygen where exposed to the air (Odum et al., 1982). 
Red mangroves develop large viviparous propagules 15+ cm that can survive/float for long periods in the water, 
sinking to establish (Saenger, 2002; Tomlinson, 1984) Propagules abscise from the parent plant generally in fall 
months (September to October) but red mangroves have been observed flowering and fruiting year-round in Florida 
(Rabinowitz, 1978). Red mangroves exclude or compartmentalize salts in senescing leaves as ways to manage for 
salt in their environment (Odum et al., 1982; Saenger, 2002). 
White mangroves (Laguncularia racemosa) are the least cold tolerant of the North American species but, 
unlike red mangroves, white mangroves have meristems throughout their structures and can readily regenerate 
(coppicing) after mechanical damage (frost, freeze, wind) (Saenger, 2002). White mangroves are considered a 
pioneer species, producing profuse numbers of propagules by which they take advantage of new regions or open 
space created by disturbance and develop dense monotypic stands (Saenger, 2002; Tomlinson, 1984) Individual 
trees may reach heights of 15 m. Salt extruding glands are present within the leaf epidermis (Odum et al., 1982; 
Saenger, 2002; Tomlinson, 1984). Fruits are small (~2cm), seeds crypto viviparous (germinating during the 
dispersal process) and water/tidally dispersed from August to late November (Panama observed) (Rabinowitz, 1978; 
Saenger 2002). White mangroves are not known to flower or fruit outside of typically observed patterns and their 
propagules, unlike red or black mangroves, are not persistent, sinking and establishing or perishing shortly after 
dispersal (Rabinowitz, 1978). 
 
1.5 Abiotic drivers of change  
Mangrove species are adapted to the highly dynamic and often-extreme environments found in marine 
coastal environments. As described earlier, the three genera of the GOM region have varying tolerances and 
adaptive strategies to the extremes their environments pose. Their resilience, persistence or adaptability to changes 
in environmental conditions vary by their individual genera or their emergent tidal community composition.  
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The current global average sea-level rise (SLR) is 2.9 mm yr-1 (+/- 0.4 mm yr-1) whereas the regional mean 
sea-level rise (MSL) for the GOM is 3.1 mm yr-1 (+/- 0.4 mm yr-1) (NOAA 2014). MSL trends for Tampa Bay (as 
recorded at St Petersburg, FL) indicate a rise of 2.5 mm yr-1 (+/- 0.25 mm yr-1) (NOAA 2014). US Army Corp of 
Engineers’ projections range from a minimum of 0.25 to 1.57 m SLR for the Tampa Bay region over the next 100 
years (USACE 2011). Mangrove forests and other emergent tidal plant communities exist along a minute gradient of 
elevation. Mere centimeters change in elevation can bring about abrupt shifts in community composition (Osland, 
2015). These communities may only maintain their current extents if their growth and regeneration can by keep pace 
with higher water levels (by accreting sediments and organic matter) or by migrating landward (Gilman et al. 2007, 
Krauss et al. 2008, Rogers et al. 2006). While some models project that the extent of mangrove forests will decline 
significantly even at the lowest IPCC projection of 1m sea level rise (FWC, 2016) 
Global temperatures are expected to rise 2 to 4 degrees C in the next century (IPCC, 2014). Already, 
mangrove species are being documented in regions beyond their previously accepted northern boundaries (Saintilan 
et al., 2014). Continued latitudinal migration of mangrove species may be expected as fewer freeze events are 
expected at more northerly locations (Alongi, 2008; Cavanaugh et al., 2014; Osland, 2013; Saintilan et al., 2014). As 
mangroves and mangrove forests migrate north, changes in coastal species compositions may occur as ‘within 
mangrove species’ dominance shifts or if they come into competition with estuarine marsh species (Alongi, 2008; 
Cavanaugh et al, 2014; Osland, 2013; Peterson and Bell, 2012; Saintilan et al., 2014). Changes in global temperature 
patterns are anticipated to bring about changes in global precipitation patterns (IPCC, 2014; Enfield and Mestas-
Nunez, 2001). 
Changes in rainfall patterns or decreases in overall rainfall to marine and estuarine systems may create 
conditions that benefit or hinder mangrove species persistence and or expansion and change the composition of 
mangrove forests (Duke et al, 1998; Ingram et al., 2013; Eslami-Andargoli et al. 2010). Current projections predict 
decreases in overall precipitation with the potential for extended periods of drought for the central regions of Florida 
coupled with more frequent periods of intense precipitation (FWC a, 2014). Severe storms and hurricanes can cause 
significance damage to mangrove forests affecting some species more than others (Doyle et al., 2003). Increases in 
severe storm frequency are predicted because of increased global temperatures (IPCC, 2014). Mangrove forest 
recovery following storm damage is dependent upon the forest species composition and the health of the forest prior 
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to damage. Storm damage may result in permanent losses of mangrove forest or shifts in species dominance 
(Eslami-Andargoli et al., 2010; Spalding, 2002).  
Human activities can impact tidal wetlands indirectly and directly through habitat destruction or compound 
the impact of other environmental stressors. Nearly one quarter (24000 km2) of the areal extent of the City of 
Tampa is made up of impervious surfaces affecting the quality and quantity of rainfall associated surface waters 
reaching the bay (Landry et al., 2013). Increased development within the Tampa Bay watershed may lead to 
increased pollutant load and sediments in storm waters that may impact emergent tidal communities (Krebs et al., 
2014). Additionally, fresh water withdrawals for human uses have been increasing steadily since the 1950’s in the 
Tampa Bay region (Yates et al., 2011). Although minimum flow levels of freshwater inputs to the bay have been 
established as part of the Florida Water Resources Act, they are often well below historical rare minimum flow 
events (Yates et al., 2011).  Increased development and freshwater demand coupled with projected decreases in 
overall precipitation will challenge resource managers to maintain the freshwater inputs and the balance required to 
maintain current emergent tidal plant communities in Tampa Bay. Monitoring these communities in both space and 
time is crucial to capture their response to a changing environment. 
 
1.6 Spatial and temporal change detection 
Physical sampling of coastal and emergent tidal plant communities can be challenging and the data 
collected are often limited by the sampling scheme. Fortunately, emergent tidal communities are readily detectable 
in aerial imagery even from medium resolution (30 m) imagery (Heumann, 2011). Remote sensing (interpretation of 
any data collected from non-contact sources) and photogrammetry (photographic interpretation) of mangrove forests 
have long been used to supplement data collected in the field (Heumann, 2011; Jensen, 2000). Satellite imagery 
once too costly and available only at course resolutions (in comparison to aerial photos) is now less costly, available 
at very high resolution (<1m), and is frequently now the preferred data to classify large geographic regions 
(Heumann, 2011). However, aerial-photo interpretation is still a common method to create detailed land cover 
classifications (Heumann, 2011, Kuenzer et al., 2011).  Information derived from historic aerial-photo interpretation 
is useful in evaluating trends in changes in land cover classifications from periods prior satellite imagery (Landsat 
1972) (Heumann, 2011).  
 
 8 
 
1.7 Objectives 
Many studies have documented the extent of mangroves and other coastal emergent tidal plant 
communities in Florida and the Tampa Bay region, but none have focused solely on documenting change in those 
communities within the boundaries of the City of Tampa (Lewis and Robison, 1996; PBS&J, 2010; Raabe and 
McIvor, 2012; Sherwood and Greening, 2014). Regions of coastal emergent vegetation and nearshore submerged 
aquatic vegetation and other benthic communities (oysters) within the City of Tampa boundaries are part of Tampa 
Bay wide assessments and restoration efforts. Specifically, the Tampa Bay Estuary Program (TBEP) has set targets 
in the Tampa Bay Estuary Habitat Master Plan for the restoration (“Restoring the Balance”) and conservation of 
emergent tidal communities in Tampa Bay to circa 1950 habitat ratios, and more recently reevaluation of habitat 
targets with a focus on identifying habitat migration refugium (Lewis and Robison, 1996; PBS&J, 2010; Sherwood 
and Greening, 2014). And although the City of Tampa models the composition of its urban forest with 200 
permanent plots, no specific assessment of the spatio-temporal change of mangrove communities has been 
conducted within the City of Tampa (Landry et al., 2013). Little data is available on the extent, persistence, or limits 
to expansion of tidal emergent communities explicitly within the City of Tampa. To supplement those data, I look to 
quantify the historic and current extent of mangrove regions within the City of Tampa’s municipal boundaries and 
add to the body of data used in decision making for future restoration, conservation, development guidelines. 
The objectives of this study are to:  
Identify recent and historic extent of mangroves within the municipal boundaries of the City of Tampa 
from historic and current aerial imagery spanning six decades answering the following questions; is there observable 
change in mangrove coverage? Is there a pattern to any observable change? What rates of any change are observed? 
And, what can I infer about past and future conditions of mangroves in Tampa from my observations? 
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2. Materials and Methods 
2.1 Study sites 
The study locations are located within the municipal boundary of the City of Tampa (27.9506° N, 82.4572° 
W) in Hillsborough County located on the shoreline of Tampa Bay in west central Florida, USA (Figure 1). Tampa 
extends as a peninsula into Tampa Bay separating the two northern lobes of the Y-shaped embayment. To document 
change in mangrove extent within Tampa boundaries, five locations were chosen along the municipal boundary 
shoreline that had evidence of mangrove coverage in the earliest and last images analyzed. All five study sites fell 
within or adjacent to parcels currently managed as municipal parks, county environmental lands or military 
facilities. The study sites, two in the northern lobes of the bay and three in the center of the bay, are named for the 
managed areas they fall within: Cypress Point lies on the shore of Old Tampa Bay in the north-western lobe of 
Tampa Bay (Figure 1, top inset). The fringe mangrove swamp of this site is currently bounded by developed city 
park land, a small region of upland forest (county preserve land), and highway. Approximately 10 km south, Tappan 
Park lies at the bottom of the peninsula more towards the center of the bay (Figure 1, inset 3rd from the top). The 
mangrove fringe at Tappan Park is bounded landward by City park land and residential development. Picnic Island 
Park is another kilometer south of Tappan Park with mangrove fringe and islands surrounded by City parkland, 
industrial development, and MacDill Air Force Base (AFB) (Figure 1, inset 4th from the top). The MacDill AFB site 
is separated from the Picnic Island site to the west by the MacDill AFB airstrip (Figure 1, bottom inset). MacDill 
AFB has a mix of upland and freshwater wetland forested and herbaceous habitats landward of the mangrove basin 
and fringe. The McKay site is in north-east lobe of Tampa Bay and encompasses a sub-embayment known as 
McKay Bay (Figure 1, 2nd from the top inset). A portion of the McKay Bay mangroves occur outside of the city 
shoreline but still within the extended municipal boundaries. McKay Bay has a mix of residential and industrial 
development and as well as forested/herbaceous preserved upland landward of the mangrove fringe.  
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Figure 1: City of Tampa and Tampa Bay located on the west coast of central Florida, USA. City of Tampa 
boundaries represented in grey. Five study regions (outlined in black) located along the shoreline of Tampa, Florida, 
USA.  Current mangrove coverage (regions in black) taken from the Florida Cooperative Land Cover Map (CLC) 
v3.2 Oct.2016 (FWRI). Data from http://myfwc.com/research/gis/applications/articles/Cooperative-Land-Cover. 
Florida Fish and Wildlife Conservation Commission. Public Domain (Appendix C).  
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2.2 Data sources and processing 
For the analysis, I used a combination historic black and white (B&W) aerial imagery (1947-1952 mosaic 
and 1973 mosaic) and true color (RGB), color infrared (NIR,3,2), or true color + NIR digital orthographic quarter-
quads (DOQQ) photos (1995-2014) taken over the Tampa Bay region from 1947 through 2014. Baseline mangrove 
forest presence was determined from a mosaic of historic B&W aerial photographs flown between 1947 and 1952 
acquired from the University of Florida (Gainesville) Digital Collections Library. This mosaic of images 1947 to 
1952 (sites were overflown different years within this period) were used as a proxy for the year 1950 in the change 
analyses. A B&W aerial imagery mosaic (1973) capturing all five sites was obtained from the Florida Department of 
Transportation Aerial Archive. Digital imagery data from 1995-2014 were acquired through the Southwest Florida 
Water Management District (SWFWMD) and the Florida Department of Environmental regulation (FDEP) Land 
Boundary Information System (LABINS) repositories. All image data were projected to NAD 1983 (2011) Florida 
GDL Albers (meters). Image analysis was done in ArcGIS 10.4 (ESRI, Inc.). Statistical analysis was done in R (R 
Core Team, 2016) and areal change calculations in Excel (Microsoft ™). Mosaic datasets of historic imagery (1947-
52 and 1973) could not be precisely orthorectified without distortion to the later digital imagery and were excluded 
from the raster-based, post-classification change analysis. 
 
2.3 Mangrove mapping 
I created a subset of the imagery data by the study areas defined above and on-screen digitized land cover 
using traditional photointerpretation techniques (Jensen, 1996). I delineated mangrove regions for each of the five 
images captured between 1950 and 2014. I found it difficult to distinguish between mangrove and estuarine-marsh 
communities in the earliest B&W imagery (1950) and so combined classification of mangrove and marsh (Spartina 
or Juncus) across all images. For the years 1995 and 2014, I digitized two additional cover classes to categorize the 
full extent of each study area polygon; Land (all other land cover: upland vegetation and developed land), and Water 
(open water region). The vector representations of mangrove and other cover class regions were digitized at a 
1:4000 scale using a minimum mapping unit (MMU) of 150m2 for all features (data resolution ranged from <1m-
3m). Although there are no ground validation data sets for the study sites, areas mapped were qualitatively assessed 
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for accuracy by comparison with Cooperative Land Cover (CLC) datasets derived from imagery between 2004 and 
2009 (FWRI).  
 
2.4 Change detection 
To quantify change in mangrove coverage, I used the on-screen digitized areal extent of mangroves for 
each set of images acquired from 1950 to 2014. I calculated mangrove area from the vector polygon layers created 
for each site. I used the area values of those polygon layers of mangrove areal extent to calculate the differences 
between image years and rates of change for each time interval (1950-1973, 1973-1995, 1995-1999, 1999-2006, 
2006-2011, and 2011-2014). 
Rates of change were calculated as follows (Puyravaud, 2003): 
The log annual rate of change (r) was calculated as follows r =  	 ∗ ln 


 
Where r = log annual rate of change in mangrove extent (ha/year); t1= initial time; t2= later time; A1= area (ha) at 
initial time; and A2= area (ha) at later time. 
Additionally, I digitized polygons to represent the remaining ‘Land’ and ‘Water’ regions within each of the 
study area boundaries for the years 1995 and 2014 for use in a raster-based change, post-classification change 
analysis. I converted the vector polygon coverage from 1995 and 2014 to raster images for a raster to raster change 
comparison. I used the ArcGIS Spatial Analyst Combine tool to create unique raster value combinations resulting in 
‘from-to’ raster images to visualize and calculate gains and losses from mangrove cover from water or other land 
features. Finally, I used a linear regression analysis method, adapted from Morris and Doak (2003), to estimate 
trends in change of the areal extent of mangroves (increasing, decreasing, or stable) over unequal time intervals. 
This method uses the regression outputs to estimate the mean (µ) of the log change in area from the slope of the 
regression and variance (σ2) from the mean square error of the residual from an analysis of variance (Morris and 
Doak, 2003). I ran the linear regression to evaluate the mean change between 1950-2014 and for the period between 
1973-2014. The transformation of time interval xi (independent variable) was calculated as follows: 
  =  −   Where ti = the imagery year initial 
The adjusted rate of change (log change in area over the transformed change in time) yi (dependent variable) was 
calculated as follows:   = ln   /	( −  = ln 


 / Where Ai= areal extent initial (ha) 
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3. Results 
3.1 Mangrove areal extent 
I used the spatial dataset (vector polygons) created to visualize and calculate the areal extent of mangrove 
of the five study sites in Tampa from 7 sets of images capturing an ~64-year period (Tables 1-7). I observed from 
the images that salt marsh and mangrove wetlands were modified and drained with extensive mosquito ditching at 
most of the Tampa sites sometime between 1950 and 1973 (Appendix B: 1-5). Although I observed significant 
mangrove loss across most sites between 1950 and 1973, all but one site (Tappan) had recovered to the same or 
greater extent (covered in 1950) by 2014. Images of each time step at each site are available in Appendix B: 1-5. 
This did not however capture losses in mangrove areal extent within Tampa outside of the study locations. 
Mangrove coverage increased at four out five sites for the entire period reviewed from 1950’s to 2014. Mangrove 
coverage at the McKay and Picnic sites increased by nearly 50% (+22.2 and +4.2 ha respectively) and the Cypress 
Point site increased more than 80% (+13.7 ha). Mangroves at the Cypress site were mostly a narrow fringe in the 
earliest image of which more than one third were cleared for shoreline development and a bridge causeway 
(Appendix B-1) Mangrove coverage decreased by approximately 2% (-0.5 ha) at the Tappan site. Overall, mangrove 
extent in the Tampa study sites has increased by nearly 25% between 1950 and 2014. 
Table 1: Areal extent (hectares) of mangrove forest derived from aerial imagery 1950-2014 Tampa Florida USA 
  Areal Extent 
Study Site 1950 1973 1995 1999 2006 2011 2014 
Cypress Point 16.4 10.5 19.9 20.5 26.6 28.7 30.1 
MacDill AFB 177.8 155.4 156.4 167.3 177.9 188.0 182.0 
McKay 44.6 26.2 51.8 54.5 67.9 65.4 66.8 
Picnic 91.3 98.9 111.8 118.5 127.8 137.2 136.9 
Tappan Park 27.1 16.6 21.5 22.8 23.6 26.1 26.6 
Tampa Total 357.3 307.6 361.4 383.6 423.8 445.3 442.3 
 
Mangrove coverage decreased at four out five sites from 1950 to 1973. Losses ranged from approximately 
12% at MacDill AFB (-22.5 ha) to greater than 40% at McKay Bay (-18.3 ha) (Tables 1-7).  At the Picnic site, there 
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was an approximate 8% increase (+7.6 ha) in mangrove coverage during the same period (Table 5).  Existing 
mangroves at the Picnic site were impacted by mosquito ditching sometime between 1950 and 1973. Where there 
was only a series of spoil islands in the western portion of the site in the 1950 imagery (Appendix B-4), I saw a 
well-developed and vegetated peninsula with mangrove fringe visible by the 1970’s (image year 1973).   
At MacDill, not only were mosquito ditches excavated through existing mangroves, but tidal creeks were 
modified and straightened into canals, likely contributing to overall losses recorded between 1950 and 1973. Losses 
at MacDill were comparatively minimal to the other sites. It is likely that lower losses at MacDill and no loss at 
Picnic between 1950 and 1973 are related to the position of the Air Force plane runway the lies between the two 
sites limiting development in the adjacent shoreline.  
I observed that much of the western boundary of McKay Bay was developed with hardened shorelines by 
the 1950’s while much of the rest of the bay shoreline was vegetated and undeveloped. I saw a significant alteration 
to the shoreline and existing mangrove and tidal marsh communities surrounding McKay Bay from 1950 to 1973. A 
large peninsula region was filled in and developed in the northern lobe of the bay, dredging and filling modified the 
eastern shoreline of the bay, and the bridge causeway that is the southern boundary of the embayment was further 
developed and widened resulting in more than a 40% loss of mangrove extent by 1973. 
Lastly, I observed in the imagery, the Tappan site lose over one third of the extent between 1950 and 1973 
because of infill and development (Appendix B-5). The remaining mangrove extent was also subject to mosquito 
ditching during that same time step. Again, mangroves colonized the shoreline of new infill and development. 
Mangrove coverage increased at all sites between 1973 and 1995 with areal extent at Cypress Point (+9.3 
ha) and McKay (+25.6 ha) increasing by 88.6% and 97.6% respectively (Tables 1-7). Increases in areal extent were 
then observed at all sites for 1995-1999, 1999-2006, and 2006 and 2011 intervals except for a decline at the McKay 
site for the period between 2006 and 2011 (Table 4). Losses in mangrove coverage were recorded for the MacDill 
AFB and Picnic sites for the 2011 to 2014 interval (Tables 3 and 5). 
I combined the total coverage of the five sites, as an approximation of the extent of all mangrove coverage 
in the municipal boundary, for the 1950-2014 period. An estimated total of 357 ha of mangroves was found in 1950 
across the five sites and 442 ha in 2014, an increase of approximately 24% (Table 7).  
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Table 2 Change in mangrove areal extent 1950-2014 Cypress Point: Change in mangrove areal extent 1950-2014. 
Upper right triangle absolute change and percent change in parentheses. Lower left triangle rate of change (ha yr-1) 
and percent rate of change in parentheses. 
CP 1950 1973 1995 1999 2006 2011 2014 
1950     -5.9 (-35.8) 3.5 (21.2) 4.1 (25) 10.2 (62.2) 12.2 (74.6) 13.7 (83.4) 
1973 -0.3 (-1.9)     9.3 (88.6) 10 (94.6) 16.1 (152.4) 18.1 (171.8) 19.6 (185.5) 
1995 0.1 (0.4) 0.4 (2.9)     0.6 (3.2) 6.7 (33.8) 8.8 (44.1) 10.2 (51.3) 
1999 0.1 (0.5) 0.4 (2.6) 0.2 (0.8)     6.1 (29.7) 8.1 (39.7) 9.6 (46.7) 
2006 0.2 (0.9) 0.5 (2.8) 0.6 (2.6) 0.9 (3.7)     2 (7.7) 3.5 (13.1) 
2011 0.2 (0.9) 0.5 (2.6) 0.5 (2.3) 0.7 (2.8) 0.4 (1.5)     1.4 (5) 
2014 0.2 (0.9) 0.5 (2.6) 0.5 (2.2) 0.6 (2.6) 0.4 (1.5) 0.5 (1.6)     
 
Table 3 Change in mangrove areal extent 1950-2014 MacDill AFB: Upper right triangle absolute change and 
percent change in parentheses. Lower left triangle rate of change (ha yr-1) and percent rate of change in parentheses. 
MD 1950 1973 1995 1999 2006 2011 2014 
1950     -22.5 (-12.6) -21.4 (-12) -10.5 (-5.9) 0.1 (0.1) 10.1 (5.7) 4.2 (2.4) 
1973 -1 (-0.6)     1.1 (0.7) 11.9 (7.7) 22.6 (14.5) 32.6 (21) 26.7 (17.2) 
1995 -0.5 (-0.3) 0 (0)     10.9 (7) 21.5 (13.7) 31.5 (20.2) 25.6 (16.4) 
1999 -0.2 (-0.1) 0.5 (0.3) 2.7 (1.7)     10.6 (6.3) 20.7 (12.3) 14.7 (8.8) 
2006 0 (0) 0.7 (0.4) 2 (1.2) 1.5 (0.9)     10 (5.6) 4.1 (2.3) 
2011 0.2 (0.1) 0.9 (0.5) 2 (1.1) 1.7 (1) 2 (1.1)     -5.9 (-3.2) 
2014 0.1 (0) 0.7 (0.4) 1.3 (0.8) 1 (0.6) 0.5 (0.3) -2 (-1.1)     
 
Table 4 Change in mangrove areal extent 1950-2014 McKay Bay: Upper right triangle absolute change and percent 
change in parentheses. Lower left triangle rate of change (ha yr-1) and percent rate of change in parentheses. 
MB 1950 1973 1995 1999 2006 2011 2014 
1950     -18.3 (-41.1) 7.3 (16.3) 10 (22.3) 23.4 (52.4) 20.8 (46.7) 22.2 (49.9) 
1973 -0.8 (-2.3)     25.6 (97.6) 28.3 (107.8) 41.7 (158.9) 39.1 (149.2) 40.5 (154.6) 
1995 0.2 (0.3) 1.2 (3.1)     2.7 (5.2) 16.1 (31.1) 13.6 (26.2) 15 (28.9) 
1999 0.2 (0.4) 1.1 (2.8) 0.7 (1.3)     13.4 (24.6) 10.9 (19.9) 12.3 (22.5) 
2006 0.4 (0.8) 1.3 (2.9) 1.5 (2.5) 1.9 (3.1)     -2.5 (-3.7) -1.1 (-1.7) 
2011 0.3 (0.6) 1 (2.4) 0.8 (1.5) 0.9 (1.5) -0.5 (-0.8)     1.4 (2.1) 
2014 0.3 (0.6) 1 (2.3) 0.8 (1.3) 0.8 (1.4) -0.1 (-0.2) 0.5 (0.7)     
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Table 5 Change in mangrove areal extent 1950-2014 Picnic: Upper right triangle absolute change and percent 
change in parentheses. Lower left triangle rate of change (ha yr-1) and percent rate of change in parentheses. 
P 1950 1973 1995 1999 2006 2011 2014 
1950     7.6 (8.3) 20.5 (22.4) 27.2 (29.8) 36.4 (39.9) 45.9 (50.2) 45.5 (49.8) 
1973 0.3 (0.3)     12.9 (13.1) 19.6 (19.9) 28.9 (29.2) 38.3 (38.7) 38 (38.4) 
1995 0.5 (0.4) 0.6 (0.6)     6.7 (6) 16 (14.3) 25.4 (22.7) 25 (22.4) 
1999 0.6 (0.5) 0.8 (0.7) 1.7 (1.5)     9.3 (7.8) 18.7 (15.8) 18.3 (15.5) 
2006 0.7 (0.6) 0.9 (0.8) 1.5 (1.2) 1.3 (1.1)     9.4 (7.4) 9.1 (7.1) 
2011 0.8 (0.7) 1 (0.9) 1.6 (1.3) 1.6 (1.2) 1.9 (1.4)     -0.4 (-0.3) 
2014 0.7 (0.6) 0.9 (0.8) 1.3 (1.1) 1.2 (1) 1.1 (0.9) -0.1 (-0.1)     
 
Table 6 Change in mangrove areal extent 1950-2014 Tappan Park: Upper right triangle absolute change and percent 
change in parentheses. Lower left triangle rate of change (ha yr-1) and percent rate of change in parentheses. 
TP 1950 1973 1995 1999 2006 2011 2014 
1950     -10.5 (-38.8) -5.6 (-20.8) -4.4 (-16.1) -3.6 (-13.1) -1 (-3.8) -0.6 (-2.1) 
1973 -0.5 (-2.1)     4.9 (29.3) 6.2 (37.1) 7 (41.9) 9.5 (57) 10 (60) 
1995 -0.1 (-0.5) 0.2 (1.2)     1.3 (6) 2.1 (9.7) 4.6 (21.4) 5.1 (23.7) 
1999 -0.1 (-0.4) 0.2 (1.2) 0.3 (1.5)     0.8 (3.5) 3.3 (14.5) 3.8 (16.7) 
2006 -0.1 (-0.3) 0.2 (1.1) 0.2 (0.8) 0.1 (0.5)     2.5 (10.7) 3 (12.7) 
2011 0 (-0.1) 0.2 (1.2) 0.3 (1.2) 0.3 (1.1) 0.5 (2)     0.5 (1.9) 
2014 0 (0) 0.2 (1.1) 0.3 (1.1) 0.3 (1) 0.4 (1.5) 0.2 (0.6)     
 
Table 7 Change in mangrove areal extent 1950-2014 Tampa: Upper right triangle absolute change and percent 
change in parentheses. Lower left triangle rate of change (ha yr-1) and percent rate of change in parentheses. 
TPA 1950 1973 1995 1999 2006 2011 2014 
1950     -49.6 (-13.9) 4.2 (1.2) 26.4 (7.4) 66.5 (18.6) 88 (24.6) 85.1 (23.8) 
1973 -2.2 (-0.7)     53.8 (17.5) 76 (24.7) 116.2 (37.8) 137.6 (44.7) 134.7 (43.8) 
1995 0.1 (0) 2.4 (0.7)     22.2 (6.1) 62.4 (17.3) 83.9 (23.2) 80.9 (22.4) 
1999 0.5 (0.1) 2.9 (0.8) 5.6 (1.5)     40.2 (10.5) 61.7 (16.1) 58.7 (15.3) 
2006 1.2 (0.3) 3.5 (1) 5.7 (1.4) 5.7 (1.4)     21.5 (5.1) 18.5 (4.4) 
2011 1.4 (0.4) 3.6 (1) 5.2 (1.3) 5.1 (1.2) 4.3 (1)     -3 (-0.7) 
2014 1.3 (0.3) 3.3 (0.9) 4.3 (1.1) 3.9 (0.9) 2.3 (0.5) -1 (-0.2)     
 
3.2 Rates of change  
I calculated negative annual rates of change for four out five sites between 1950 and 1973 attributable to 
the losses to development and mosquito ditching observed (noted above) during that interval (Tables 2-6). 
Colonization of new shoreline at the Picnic site and no notable losses to development likely contributed to a positive 
annual rate of change for the same period (Table 5, Appendix B-4). Annual rates of change at Cypress Point and 
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McKay were two to three times higher than the rest of the sites for the next period (1995-1999) (Tables 2 and 4). 
Annual rate of change was positive across all sites for the intervals 1973-1995, 1995-1999, 1999-2006 (Tables 2-6). 
Annual rate of change was positive for all but the McKay site between 2006 and 2011 (Table 4).  And the rate was 
negative for two of the sites, MacDill AFB and Picnic, between 2011 and 2014 (Tables 3 and 5. When I combined 
the total coverage of the five sites as an approximation of the Tampa mangrove, the annual rate of change in areal 
extent was positive for all time intervals but the period between 2011 and 2014 (Table 7).  
I ran a regression and ANOVA of the log area growth rate adjusted for time to give calculate an estimate of 
the mean and variance of the change in log areal extent. I used these values derived from the long-term average 
trends to make some qualitative statements about whether these regions were expanding (u>0 increasing, stable=0, 
or declining u<0) over the long term (Table 8). I evaluated the mean change in log area for the 1973-2014 interval in 
addition to the 1950 to 2014 interval to limit for the outlier of extreme losses documented at most sites as result of 
extensive shoreline development between 1950 and 1973 (Figures 2-5).  
Regression coefficient outputs, as estimates of the mean change in log area extent, were positive for four 
out of five sites for the 1950-2014 interval and were positive for all sites for the 1973-2014 interval (Table 8, 
Figures 2-5).  
Table 8 Mean percent log area change in mangrove extent. Regression summary outputs û = estimate of mean log 
change in areal extent σ2 = variance of mean log change in areal extent (percent change hectare per year adjusted for 
time) 
  1950-2014 1973-2014 
  û p.value σ2 û p.value σ2 
Cypress Point 0.009 0.393 0.007 0.026 0.005 0.001 
MacDill AFB 0.000 0.916 0.001 0.004 0.332 0.001 
McKay 0.006 0.590 0.008 0.023 0.030 0.002 
Picnic 0.006 0.018 0.000 0.008 0.022 0.000 
Tappan Park 0.000 0.966 0.003 0.011 0.007 0.000 
 
Estimated mean change in log area extent was not significantly different from zero for all sites but Picnic 
for the 1950-2014 interval (Table 8, Figure 2).  Means were significantly different from zero for all but the MacDill 
AFB site for the 1973 to 2014 interval (Table 8, Figure 3). A comparison of plots of log change in areal extent over 
adjusted time for intervals 1950-2014 and 1973-2014 illustrate a fluctuating pattern of rate change and trends 
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discernable between the two intervals (Figures 4 and 5). There are some discernable trends in change in mangrove 
extent over time for the Tampa municipal shoreline. Log area rates adjusted for time show very similar patterns at 
Cypress Point and McKay (Figures 4 and 5). A somewhat similar trend is visible at the three sites (MacDill AFB, 
Picnic, and Tappan) located at the southern point of the peninsula in the center of Tampa Bay (Figures 4 and 5).  
Mean log area change was positive for four out five sites with only one, Picnic (the only site to see an 
increase in areal extent between 1950 and 1973), was significantly different from zero. Excluding the significant 
declines from 1950-1973, all sites have positive mean change in log area and four of the five are significantly 
different from zero (Table 8, Figure 2).  
 
Figure 2 Mean percent log area change (CI 95%) in mangrove extent 1950-2014, Tampa, FL (percent change 
hectare per year adjusted for time	   /	( − )) 
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Figure 3 Mean percent log area change (CI 95%) in mangrove extent 1973-2014, Tampa, FL (percent change 
hectare per year adjusted for time    /	( − )) 
 
Figure 4: Mean percent log area change in mangrove extent 1950-2014 for each study site region (Cypress Point, 
MacDill AFB, McKay, Picnic, and Tappan Park), Tampa, FL (percent change hectare per year adjusted for time 
   /	( − )) 
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Figure 5 Mean percent log area change in mangrove extent 1973-2014 for each study site region (Cypress Point, 
MacDill AFB, McKay, Picnic, and Tappan Park), Tampa, FL (percent change hectare per year adjusted for time 
   /	( − )) 
 
3.3 Post-classification change 
I achieved similar results documenting increases in mangrove extent from 1995 to 2014 in the raster-based, 
post-classification analysis. I calculated differences between raster images to establish whether the increase in 
mangrove extent was occurring seaward or landward of the unchanging remnant of the population (Tables 9-13). 
There was a net positive change in mangrove coverage for all five study sites. The results show more expansion 
seaward than landward in all but the McKay site where land and or water pixels transitioned to mangrove equally. In 
other words, 50% of new mangrove pixels were water pixels in the prior image and 50% were land (Table 11). 
Raster classification was reverted to vector to illustrate the landward and seaward transition of mangrove gain and 
loss (Figure 6 and Appendix B). Conversion to raster resulted in approximately 1 hectare additional mangrove 
coverage for the Cypress, MacDill AFB, and Picnic study regions in comparison to vector coverages (Table 1 and 
Tables 9-13). 
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Table 9 Cypress: Post classification change raster analysis. Number of pixels in 1995 and 2014 classifications 
(mangrove, water, land), number of pixels reclassified, and percent pixels reclassified. 
Cypress 2014 
1995 Mangrove Water Land Total % 
Mangrove 17 0 2 19 2.9% 
Water 8 436 2 446 68.4% 
Land 5 2 180 187 28.7% 
Total 30 438 184 652 100.0% 
% 4.6% 67.2% 28.2%     
 
Table 10 MacDill AFB: Post classification change raster analysis. Number of pixels in 1995 and 2014 classifications 
(mangrove, water, land), number of pixels reclassified, and percent pixels reclassified. 
MacDill AFB 2014 
1995 Mangrove Water Land Total % 
Mangrove 149 1 7 157 28.5% 
Water 22 140 0 162 29.4% 
Land 12 0 220 232 42.1% 
Total 183 141 227 551 
 
% 33.2% 25.6% 41.2%   100.0% 
 
Table 11 McKay: Post classification change raster analysis. Number of pixels in 1995 and 2014 classifications 
(mangrove, water, land), number of pixels reclassified, and percent pixels reclassified. 
McKay 2014 
1995 Mangrove Water Land Total % 
Mangrove 47 1 4 52 6.7% 
Water 10 384 0 394 51.0% 
Land 10 2 315 327 42.3% 
Total 67 387 319 773   
% 8.7% 50.1% 41.3%   100.0% 
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Table 12 Picnic: Post classification change raster analysis. Number of pixels in 1995 and 2014 classifications 
(mangrove, water, land), number of pixels reclassified, and percent pixels reclassified. 
Picnic 2014 
1995 Mangrove Water Land Total % 
Mangrove 109 1 3 113 29.2% 
Water 18 174 0 192 49.6% 
Land 10 2 70 82 21.2% 
Total 137 177 73 387   
% 35.4% 45.7% 18.9%   100.0% 
 
Table 13 Tappan Park: Post classification change raster analysis. Number of pixels in 1995 and 2014 classifications 
(mangrove, water, land), number of pixels reclassified, and percent pixels reclassified. 
Tappan Park 2014 
1995 Mangrove Water Land Total % 
Mangrove 20 0 2 22 4.2% 
Water 4 343 0 347 66.3% 
Land 3 0 151 154 29.4% 
Total 27 343 153 523   
% 5.2% 65.6% 29.3%   100.0% 
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a) Cypress Point  b) MacDill FB c) McKay Bay 
  
 
d) Picnic e) Tappan Park  
Figure 6 Raster-based, post-classification change analysis of mangrove extent gains, losses, and unchanged regions 
1995-2014 Tampa, FL USA 
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4. Discussion 
The goal of this study was to discover how mangrove extent has changed over the past six decades in the 
City of Tampa. The study focused on regions of persistent populations of mangrove and marsh communities along 
the shoreline of City of Tampa in Tampa Bay, Florida. I found modern and historical imagery was useful in 
documenting change in emergent tidal wetlands, like mangrove forests, but the idiosyncratic nature of 
photogrammetric classifications limits the reproducibility of this measure.  
There has been much study of coastal emergent vegetation communities in Tampa Bay, but this study was 
unique in that it focused on mangrove communities within the municipal boundary of the City of Tampa. The results 
can add to the body of data on mangrove community distribution in Tampa Bay, and could prove relevant to the 
City’s urban forest management plan (mangroves are measured), the Tampa Shoreline Restoration Initiative 
Shoreline Restoration Masterplan, and any coastal resilience plan objectives (TBW). The results of this study clearly 
document change (loss, recovery, and persistence of mangrove communities) over the ~64 period reviewed (1950-
2014).   
Like previous studies of Tampa Bay, my results describe sharp losses of mangroves between the 1950’s 
and 1970’s because of rapid development and urbanization of shorelines followed by recovery to 1950 levels by the 
mid 1990’s (PBS&J, 2010). I offer that much of the recovery of mangrove extent can be directly attributed to 
shoreline modification (dredge and fill leading to new land and shoreline as growing space), but speculate it is likely 
that environmental variables (e.g. decreases in freeze events, changes in precipitation, SLR), institution of 
protections and regulations (CWA, MPA, ERA), and to some extent active restoration also played a role in the 
recovery (PBS&J, 2010; Raabe et al., 2012). 
 The Tampa Bay Water Atlas maintains a database of restoration activities in Tampa Bay since the 1970’s 
(TBW). According to their records, approximately 148 ha of intertidal wetlands and nearshore habitats were 
modified or planted within or immediately adjacent to the study regions of this work. Restoration actions in the 
study regions made up 30% of the total projects executed in the City of Tampa (542 ha) and 3% of all those 
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conducted in Tampa Bay (4763 ha) (Appendix A). Restoration project area totals for the City of Tampa, even if they 
were all mangrove or facilitative marsh plantings, cannot account for the total recovery of mangrove extent since the 
1970’s (Table 1, Appendix A).  Other factors (ecosystem drivers) influenced the colonization, expansion, and 
persistence of mangrove features in the City of Tampa. 
Past studies have suggested that climate change is altering the drivers of mangrove development and 
distribution (Cavanaugh et al., 2014; Osland et al, 2013; Raabe et al., 2012). I calculated both annual rates of change 
and rates adjusted for the uneven time intervals between the dates of the historic imagery acquisitions. In both the 
annual and adjusted rates, I noted there was a pattern of fluctuating rates (>0) observable for the Cypress Point and 
McKay sites. These two sites are in the eastern and western lobes of the northern portion of Tampa Bay and are the 
most removed from the other sites and each other. I observed the same trend, alternating with opposite rates, at the 
remaining three sites which are more closely situated and located in the central portion of Tampa Bay. It is possible 
these patterns may be associated with a fluctuating mangrove response to microclimatic change in temperature, 
storms or stochastic environmental events (Eslami-Andargoli et al., 2009; Gilman et al., 2008; Twilley et al. 1996). I 
speculate the southern peninsula sites (MacDill AFB, Picnic, and Tappan) experienced moderated winter 
temperatures compared to the northern sites (Cypress Point and McKay) because of their position surrounded by 
water in the center of Tampa Bay. It has been documented that alteration of climate patterns resulting fewer freeze 
events may lead to expansion of mangroves into marsh communities (Cavanaugh et al., 2014; Osland et al, 2013; 
Raabe et al., 2012). It has been suggested that macroclimatic change; drought, tropical storms, and ENSO events can 
alter precipitation averages and surface water discharges in micro regional patterns (Eslami-Andargoli et al., 2009; 
Gilman et al., 2008). The northern sites receive freshwater inputs (Palm River east of McKay and Fish Creek north 
of Cypress Point) and I speculate likely see pulses of nutrients or sediments during storm events possibly leading to 
greater productivity. Alternately, their persistence and growth may be hindered by freshwater withdrawals during 
periods of drought (Eslami-Andargoli et al., 2009; Gilman et al., 2008).  
I interpreted the raster based post classification analysis (‘from-to’ results) as a seaward shift of existing 
forest coastlines with some expansion but mostly losses to other landward habitat classifications. Here my results 
differ from other observations in Tampa Bay that indicate that mangroves are primarily migrating landward 
displacing marsh communities (PBS&J, 2010; Raabe et al., 2012) Results from propagule dispersal studies indicate 
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propagules are more likely to be dispersed seaward but those dispersed landward are more likely to become 
established (Peterson and Bell, 2012). I speculate shoreline and nearshore (oyster and longshore) bar restoration 
efforts may have altered nearshore environments in a way (mudflat or marsh development) that favored seaward 
establishment of mangrove propagules and seaward expansion from existing mangrove regions (Appendix). It could 
be proposed that sedimentation and or accretion rates of theses mangrove forests may be higher than sea-level rise as 
another explanation for seaward expansion. Where I calculated losses, more mangrove pixels transitioned to land 
pixels than water. This leaves me to speculate these losses may be a result of unseen impacts of development (e.g. 
surface water withdrawals), encroachment by upland or nonnative species, misclassification, or possibly changes in 
marsh species composition that may in turn alter patterns of recruitment of mangrove propagules (Eslami-Andargoli 
et al., 2009; Gilman et al., 2008; Peterson and Bell, 2012). 
As noted above, a change in elevation of only a few centimeters can alter tidal reach and bring about a shift 
in habitat types between mangrove and marsh systems (Gilman et al., 2008; Osland, 2015). At current relative SLR 
averages for Tampa Bay (2.5 mm/year), the region could see a ~16 cm rise in relative sea level (~6 inch) in the next 
64 years. At the IPCC worst case scenario projections (2 m SLR by the year 2100) a SLAMM model (Sea Level 
Affecting Marshes Model) for Tampa Bay estimates most all mangrove and marsh communities with the City of 
Tampa boundaries will be completely inundated (Sherwood and Greening, 2014). Even if mangroves in Tampa are 
keeping pace with the current SLR (maintaining elevation by accreting sediments) it is unlikely they will keep pace 
with increased rates of SLR or would encounter obstacles (development) to any landward migration (Gilman et al, 
2008, PBS&J, 2010). 
Results of these observations appear to indicate that mangroves within the City of Tampa have recovered 
from 1950’s losses but are not significantly expanding beyond the recovered areal extent. Lack of evidence of 
significant expansion and limited regions for expansion may result in future losses of mangrove forest communities 
along the City of Tampa shoreline as environmental conditions continue to be altered by climate change.  
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5. Conclusion 
As this was an observational study of historic image data without ground validation, I was limited to what I 
could infer as reasons for expansion or contraction of mangrove regions in the City of Tampa municipal region. The 
objectives were to map mangrove distribution and spatial extent and any change or patterns of change discernable. I 
categorized notable changes in mangrove extent in the Tampa from historic and modern aerial imagery for the ~64-
year period between 1950 and 2014.  
I mapped and interpreted significant losses of mangrove coverage, from historic and current aerial 
photography, much of which could be directly attributed to anthropogenic modification of the Tampa coastal 
landscape. All the regions observed had recovered or surpassed their original extent by the end of the period 
reviewed (1950-2014). By classifying and calculating habitat extent using a GIS I could discern variable patterns of 
change. Rates of expansion varied not only between sites spatially but within sites between time intervals. Much of 
the recovery observed appeared to be recolonization of modified shorelines or potential encroachment on existing or 
restored fringe marsh habitats.  
 There were challenges working with remotely sensed data, including the difficulty in discerning mangrove 
communities at the varying spectral and spatial resolutions from historic aerial image data. But, where there is no 
ground validation for historic time-periods, using historic imagery may be the best possible means of determining 
historic coverage and long term trends. Advances in supervised and unsupervised classification of remotely sensed 
data (Satellite, LIDAR, or Synthetic Aperture Radar) are likely to be the preferred methods for future classification 
of emergent coastal vegetation, producing more repeatable and less idiosyncratic measures. 
Although limited in scope, the results of this study add to the body of observations on emergent tidal wetland 
community dynamics in Tampa Bay. The results point to the need for continued and frequent observation of 
mangroves and other emergent tidal plant communities and the need to leverage remote observations with in situ 
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data to better understand the ecological drivers and processes behind the change and inform restoration, 
conservation, and management strategies. 
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Appendix A: City of Tampa restoration sites 
 
Habitat/Site/Restoration Description Study Sites 1971-2012  Hectare Meter 
Artificial Hardbottom 0.12 NA 
MacDill Air Force Base Oyster Dome: Phase 1  0.05 NA 
Reef Balls®, a.k.a. "oyster domes" placed along seawalls and shorelines 
  
MacDill Air Force Base Oyster Dome: Phase 2  0.07 NA 
Reef Balls®, a.k.a. "oyster domes" placed along seawalls and shorelines 
  
   
Beach   805 
Cypress Point Park Beach Restoration NA 805 
Beach stabilization achieved through re-contouring and softening slope of shoreline as 
erosion control 
  
Shoreline Enhancement for MacDill Air Force Base, Phase IV NA NA 
The goal of Tampa Bay Watch's Community Oyster Reef Enhancement Program is to 
increase the oyster population in Tampa Bay and at the same time, provide habitats for small 
organisms, prevent erosion, improve water quality and improve fish and wildlife habitat 
 
NA 
   
Coastal Uplands 2.02 NA 
McKay Bay Nature Park 2.02 NA 
Upland restoration, exotic restoration 
  
   
Estuarine Water Column 30.31 NA 
MacDill Air Force Base: Phase 1A 1.21 NA 
Low salinity, estuarine wetlands, open water and uplands 
  
MacDill Air Force Base: Phase 1B 12.67 NA 
Low salinity, estuarine wetlands, open water and uplands 
  
MacDill Air Force Base: Phase 2 13.19 NA 
Low salinity, estuarine wetlands, open water and uplands 
  
Picnic Island 3.24 NA 
Estuarine open water and wetlands and uplands 
  
   
Hard Bottom 0.06 NA 
MacDill AFB Shoreline Stabilization Project - Phase IV 0.06 NA 
Project consists of installation of artificial oyster domes placed for oyster enhancement and 
shoreline stabilization along a shoreline located in MacDill Air Force Base in Hillsborough 
County. 
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Shoreline Enhancement for MacDill Air Force Base Phase IV NA NA 
Installed 3,899 marine friendly, hollow, concrete oyster domes to create fisheries habitat and 
provide storm water biological filters. Domes will also provide shoreline stabilization for the 
currently eroding coastline. 
 
NA 
   
   
Low Marsh 99.96 2414 
CSX MacDill/Port Tampa 89.03 2414 
Exotic removal (Brazilian pepper), restore mosquito ditches (project in planning phase) 
  
Cypress Point Park Restoration 1.21 NA 
Created tidal lagoons, replanting shoreline 
  
Desoto Park and Trailer Park in NW McKay Bay 0.40 NA 
NA 
  
Howard Frankland East 1.21 NA 
Estuarine wetlands and fringing uplands 
  
MacDill Airforce Base Salt Marsh Restoration 1.21 NA 
Planting of Spartina alterniflora 
  
Tappan Site 6.88 NA 
Restoration of coastal uplands, freshwater wetlands and estuarine marsh areas 
  
   
Mangrove 0.81 NA 
Site 9 mangrove Restoration 0.81 NA 
The project dug up the mosquito ditch mounds, removing all the vegetation including 
invasive species along a 1,200-foot length of historic mosquito ditch. A zone approximately 
50 feet wide on both sides of the ditch was dug up to remove the mounds and 
  
   
Mangrove Shoreline 0.00 NA 
Howard Frankland West 0.00 NA 
Planting of red mangroves 
  
   
Oligohaline Marsh 1.62 NA 
McKay Bay Northeast 1.62 NA 
Low salinity estuarine wetlands and uplands 
  
   
Oyster Reef/Shell Bottom 0.22 NA 
MacDill Air Force Base Oyster Reef: Phase 1 0.01 NA 
Oyster shell reefs built along shoreline 
  
MacDill Air Force Base Oyster Reef: Phase 2 0.02 NA 
Oyster shell reefs built along shoreline 
  
MacDill Air Force Base Oyster Reef: Phase 3 0.02 NA 
Oyster shell reefs built along shoreline 
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Riparian Wetlands 5.14 NA 
Cypress Point Park Restoration 5.14 NA 
Coastal upland enhancement 
  
   
SAV 0.28 NA 
Mac Dill Phase III Seagrass Transplanting Project 0.28 NA 
Enhance and restore seagrass in areas of historical presence by transplanting seagrass 
(Syringodium filiforme) from a donor location in Tampa Bay. 
  
   
Shell Bottom NA NA 
MacDill Oyster Bar Creation Project NA NA 
Project consists of creation of an oyster shell bar using natural oyster materials along the 
shoreline at MacDill Air Force Base in Hillsborough County. 
  
Oyster Reef Shoreline Stabilization Phase IV NA NA 
The project installed concrete oyster domes (reef balls) within the tidal flat zone 
approximately 50 feet seaward of the high tide line. Domes were placed base to base to create 
a solid substrate roughly 10 feet wide on which oysters could establish. The 
  
   
Tidal Wetland 6.73 NA 
Mac Dill Air Force Base 0.35 NA 
Salt marsh (Spartina alterniflora) is utilized for shoreline stabilization and habitat 
enhancement at the project location. 0.20 NA 
Salt marsh is planted to stabilize the shoreline and provide habitat for wildlife. 0.15 NA 
MacDill Air Force Base 0.30 NA 
Project consists of planting of salt marsh plants to help control erosion and promote habitat 
along an intertidal shoreline of the Interbay Peninsula located in MacDill Air Force Base in 
Hillsborough County. 
  
Total  147.27 3219 
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Appendix B: Historic aerial imagery and mangrove classifications 
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a) Cypress Point 1950 b) Cypress Point 1973 
  
c) Cypress Point 1995 d) Cypress Point 1999 
  
e) Cypress Point 2006 f) Cypress Point 2011 
 
 
g) Cypress Point 2014  
1 Aerial imagery and mangrove delineation, Cypress Point 1950-2014  
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a) MacDill AFB 1950 b) MacDill AFB 1973 
  
c) MacDill AFB 1995 d) MacDill AFB 1999 
  
e) MacDill AFB 2006 f) MacDill AFB 2011 
 
 
g) MacDill AFB 2014  
2 Aerial imagery and mangrove delineation, MacDill AFB 1950-2014 
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a) McKay 1950 b) McKay 1973 
  
c) McKay 1995 d) McKay 1999 
  
e) McKay 2006 f) McKay 2011 
 
 
g) McKay 2014  
3 Aerial imagery and mangrove delineation, McKay 1950-2014  
 40 
 
  
a) Picnic 1950 b) Picnic 1973 
  
c) Picnic 1995 d) Picnic 1999 
  
e) Picnic 2006 f) Picnic 2011 
 
 
g) Picnic 2014  
4 Aerial imagery and mangrove delineation of Picnic 1950-2014 
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a) Tappan 1950 b) Tappan 1973 
  
c) Tappan 1995 d) Tappan 1999 
  
e) Tappan 2006 f) Tappan 2011 
 
 
g) Tappan 2014  
5 Aerial imagery and mangrove delineation, Tappan Park 1950-2014 
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Appendix C: Permissions 
 
Mangrove coverage from the Florida Cooperative Land Cover Map in Figure 1: Permissions from metadata 
Title: GIS.FWC.CoopLandCover_fl_poly 
Publication date: 2016-10-10 00:00:00 
Edition: Version 3.2 
Presentation formats: digital map 
FGDC geospatial presentation format: vector digital data 
Resource Constraints 
Legal constraints   
Limitations of use 
This data set is in the public domain, and the recipient may not assert any proprietary rights thereto nor represent it 
to anyone as other than a Florida Fish and Wildlife Conservation Commission produced data set; it is provided "as-
is" without warranty of any kind, including, but not limited to, the implied warranties of merchantability and fitness 
for a particular purpose. The user assumes all responsibility for the accuracy and suitability of this data set for a 
specific application. In no event, will the staff of the Florida Fish and Wildlife Conservation Commission be liable 
for any damages, including lost profits, lost savings, or other incidental or consequential damages arising from the 
use of or the inability to use this data set. 
Other constraints 
Available without restriction 
Constraints   
Limitations of use 
Data are intended to be used for general informational and planning purposes and not appropriate for legal, 
regulatory and/or cadastral purposes 
 
